where L is a linear ordinary or elliptic partial differential operator, and B is a linear boundary operator. D and cD denote the domain and its boundary respectively. ( The references [1] [2] [3] [4] [5] [6] can be consulted for a precise formulation of the general situation (1.2) and also for physical applications giving rise to these problems.) These previous investigations of (1.2) have been concerned with questions of existence, uniqueness, multiplicity, stability, and bifurcation phenomena. It has become clear that certain quantities (and their geometrical interpretations) play a crucial role in the answers to these questions. Furthermore, as so often is the case in formulating and proving general theories, the proper critical quantities have been suggested or discovered by a rather complete analysis of certain special problems.
We define the multiplicity of a number 2 as the number of distinct positive solutions of (1.1) corresponding to that value of 2. Our main goal is to present a series of special examples for the purpose of finding those properties of the nonlinearity f(u) which control or change the multiplicity of a given 2. We have chosen the name "inverse" problem because our approach will be to specify the multiplicity and then construct the functions f(u) giving rise to the specified situation. More precisely, if we define the maximum value of a solution as its amplitude, then for a given graph (called the response curve) of amplitude A versus 2 we shall determine functions f(u) yielding that response.
In 2 we first present certain general results. These Proof Because of (2.9) and the hypothesis we have that b-_<_ a-for V _>_ 0. The result then follows immediately from (2.5).
In a similar way, the following two results are also obtained. [6] , [9] . For functions f(u) having the properties specified, D. S. Cohen and T. Laetsch [2] have proved that if f(u) also satisfies [2] , [4] . Here u u(x) is the temperature distribution in the reactor, 2 is a constant depending on the physical parameters, and f(u) represents the rates of chemical production of the species (or, equivalently, the rate of heat generation) in the reactor. Since rates of production of the chemical species are completely determined by the temperature distribution, different solutions of the problem (1.1) correspond to different processes taking place in the reactor.
Which of the solutions will occur in an actual process depends on how the reaction is started.
It has been observed experimentally that depending on 2, one, two, or three different temperature distributions are possible. In order to demonstrate that The Arrhenius reaction rate behaves typically as follows: Starting from a comparatively low value at u 0 it increases to a maximum with a change in the sign of its curvature and then drops rapidly to zero for some finite value of u.
In order to obtain a function f(u) with these properties, we use a 2 2(z) which is given by (3.5) (3.5) is found to be (3.6)
In ( Cohen [4] has applied a formal singular perturbation procedure to exploit this pronounced maximum; he has shown, in fact, that in these cases there are three solutions and that the upper and lower of the three solutions are physically stable, a result observed in the experimental work.
As in Example 1 the uniqueness result of Cohen and Laetsch [2] applies here also if the reaction rate f(u) satisfies (3.4 
